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Expression of NG2/human melanoma proteoglycan in human adult
articular chondrocytes
By Kim S. Midwood and Donald M. Salter
Department of Pathology, University of Edinburgh, Teviot Place, Edinburgh EH8 9AG, U.K.
Summary
Objective: NG2 is a transmembrane chondroitin sulfate (CS) rich proteoglycan originally identified in
rats. It has recently been shown to be identical to human melanoma proteoglycan (HMPG). In rats NG2
has a limited distribution in adult tissues, being expressed predominantly by neuronal and glial cells
whereas during development it is also expressed in developing mesenchyme including cartilage.
NG2/HMPG has putative roles in interactions between glial and melanoma cells with extracellular
matrix (ECM) molecules. This study was undertaken to assess whether NG2/HMPG was expressed by
normal and osteoarthritic human articular chondrocytes.
Design: Cryostat sections of human fetal knee joints and normal and osteoarthritic articular cartilage
were immunostained with antibodies against rat NG2 (N143.8) and HMPG (M28B5, 9.2.27).
Immunoprecipitation and Western blotting was carried out on protein extracts of chondrocytes from
normal and osteoarthritic cartilage. Immunofluorescence of NG2 and potential ligands was carried out
in vitro on cells from normal and osteoarthritic cartilage.
Results: Fetal and both normal and osteoarthritic adult cartilage showed strong immunoreactivity for
NG2/HMPG. Western blotting showed a smeared component of molecular weight greater than 400 kDa
and a faint band at 250 kDa which became predominant upon digestion with chondroitinase ABC.
Immunofluorescence of chondrocytes in vitro showed NG2 to be distributed in a punctate pattern without
co-localization of actin or several ECM proteins including fibronectin and type VI collagen.
Conclusion: NG2/HMPG is expressed by human fetal and adult chondrocytes and in adult articular
chondrocytes the core protein is chondroitin sulfated. The function of this molecule in human
articular cartilage remains to be defined.
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Introduction
NG2 is a proteoglycan with a protein core which
shares little significant homology to other proteo-
glycans [1]. It is expressed as both a chondroitin
sulfate (CS)-rich proteoglycan of molecular weight
greater than 400 kDa and a CS unmodified core of
molecular weight 250 kDa. It shows restricted
tissue distribution being seen in rat neuronal and
glial cells and developing mesenchymal tissues
including cartilage [2]. NG2 is however lost from
cartilage during maturation and is not expressed
by chondrocytes in adult rat cartilage. Recent
studies have shown NG2 to have significant
homology with human melanoma proteoglycan
(HMPG) a molecule expressed by melanoma cells
but by few other adult human tissues [1, 3].
Evidence is increasing for roles for NG2/HMPG
in cell–matrix interactions. Several extracellular
matrix (ECM) proteins including type II, V and VI
collagen, laminin and tenascin have been shown to
bind to NG2 purified from rat cell lines [4]. HMPG,
when expressed by human melanoma cells, acts as
a co-receptor for fibronectin in association with
a4b1 integrin [5]. Co-localization of NG2 and stress
fibres in rat neural cell lines [6] and enhanced cell
spreading, focal contact formation and specific
tyrosine phosphorylation of 120 and 130 kDa
proteins when melanoma cells adhere to chimeric
substrates of fibronectin and anti-HMPG antibody
[5], suggest participation in transmembrane cell
signalling.
Expression of NG2 by developing cartilage in
rats and putative roles in cell–matrix interactions
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raise the possibility of important roles for this
molecule in regulation of chondrocyte function.
This study was undertaken to establish whether
NG2/HMPG was expressed in normal or diseased
human cartilage and to investigate potential roles
in the regulation of human articular chondrocyte-
function.
Materials and Methods
tissue sources
Fetal knee joints were obtained from second and
third trimester miscarriages and snap frozen in
liquid nitrogen for cryostat sectioning and
immunohistology. Normal and osteoarthritic
articular cartilage was obtained at post mortem
from tibial and femoral condyles of adult knee
joints. Joints were assessed for the presence or
absence of osteoarthritis macroscopically and
graded according to Collins and McElligott [7] and
representative blocks were taken for fixation in
formalin and processing into paraffin for
histological examination.
immunohistology
Fetal knee joints and representative samples of
normal articular cartilage (Collins grade 0) [7]
obtained from one female (age 67 years) and seven
males (median age 71 years, range 53–88 years) and
osteoarthritic cartilage (Collins grade 1–3) [7]
obtained from 13 males (median age 71 years, range
53–88 years) were snap frozen in liquid nitrogen.
Four micrometer sections were cut with a
Brights cryostat, mounted on poly-l-lysine coated
glass slides, allowed to come to room temperature
and fixed with acetone for 10 min. Sections were
stained with a panel of fully characterized
antibodies against rat NG2 (N143.8) and
HMPG (M28B5, 9.2.27) by an avidin–biotin–
immunoperoxidase technique [8]. Positive controls
were obtained by staining with KZ1 (anti-CD44)
and negative controls by omission of the primary
antibody. Antibodies N143.8 and 9.2.27 were gifts
from William Stallcup, La Jolla Cancer Research
Foundation, La Jolla CA, U.S.A.; M28B5
hybridoma was obtained from American Tissue
Culture Collection; KZ1 was a gift from David
Anstee, the International Blood Group Reference
Laboratory, Bristol U.K.
isolation and culture of chondrocytes
Articular cartilage was aseptically removed
from macroscopically normal or osteoarthritic
appearing femoral condyles of knee joints obtained
at post mortem, cut into small pieces and
sequentially digested at 37° C in 95% air 5% CO2
with 0.25% trypsin (Gibco, Paisley, U.K.) for 30
min and 3 mg/ml collagenase (Sigma type H) for
24 h or until digestion was complete. Cells were
collected by aspiration and washed three times
with phosphate-buffered saline (PBS).
Chondrocytes were seeded into tissue culture
flasks at 4 · 104/cm2 and maintained for 5–10 days in
monolayer culture at 37° C in Hams F12 medium
supplemented by 10% fetal calf serum (Advanced
Protein Products), 1% penicillin, streptomycin and
fungizone.
gel electrophoresis and western blotting
Cells were removed from culture flasks using
PBS containing 0.02% ethylenediaminetetraacetic
acid (EDTA) and washed twice with PBS. Cells
were counted and viability determined to be
greater than 95% by trypan blue exclusion.
Extracts of cells were prepared by incubation with
1% NP-40 in 10 mm Tris–HCl buffer pH7.4,
containing 1 mm phenyl methyl sulfonyl fluoride
(PMSF) for 30 min at 4 ° C. Insoluble material was
removed by centrifugation and aliquots of the
extract dissolved in sample buffer containing
100 mm dithiothreitol (DTT). In some experiments
cells were incubated with 1 U/ml chondroitinase
ABC (Sigma, Dorset, U.K.) for 1 h at 37° C before
protein extraction. Sodium dodecyl sulfate (SDS)
polyacrylamide gel electrophoresis (PAGE) was
performed using slab gels with a gradient of 4–20%
acrylamide. Proteins were transferred to
nitrocellulose and incubated sequentially with
either primary mouse monoclonal antibody
or the anti-HMPG antibodies M28B5 or 9.2.27,
followed by biotinylated rabbit anti-mouse
immunoglobulins then alkaline phosphatase-
conjugated avidin–biotin complex. The color
development substrates 5-bromo-4-chloro-3-indolyl
phosphate and nitroblue tetrazolium were used as
visualizing reagents.
immunoprecipitation
Immunoprecipitation of NG2/HMPG was carried
out as previously described [9]. In brief,
chondrocytes were removed from culture flasks
using PBS containing 0.02% EDTA and washed
twice with PBS. Cells were counted and viability
determined by trypan blue exclusion. Cells in 1 ml
PBS were labeled with I125 using the
lactoperoxidase technique by incubation with
5 mm glucose, 24 mU glucose oxidase, 20 mU
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lactoperoxidase and 200 mCi NaI125 at room
temperature with occasional mixing. After 20 min
the reaction was stopped by the addition of 2 mm
KI. The labeled cells were washed with PBS and
1 mm KI and lysed using 1% NP-40 in 10 mm
Tris–HCl buffer pH7.4, containing 1 mm PMSF for
30 min at 4° C. Insoluble material was removed by
centrifugation. Aliquots of the extract were
incubated for 2 h on ice with the primary mouse
monoclonal antibody M28B5 or 9.2.27 and
immunoprecipitation accomplished by subsequent
incubation with protein A-Sepharose for 2 h at 4° C.
The immune complexes were washed three times
with PBS containing 0.2% NP-40 and 0.02% SDS,
then dissolved in electrophoresis sample buffer
containing 100 mm DTT. SDS-PAGE was
performed using slab gels with a gradient of 4–20%
acrylamide, dried with Dry Ease gel drying system
from Novex and used for autoradiography with
Kodak film. Negative controls were obtained by
omission of primary antibody and labeling
efficiency was assessed by omission of protein
A-Sepharose.
immunofluorescent staining
Chondrocytes, extracted and prepared as above
from normal human cartilage were cultured as a
monolayer for 1–2 weeks on 53 mm petri dishes
(Nunc, Paisley, U.K.). The cells were then fixed in
a 1:1 solution of acetone/methanol at - 20° C,
permeabilized in 0.1% triton · - 100 and washed
with TBS. Nonspecific background was blocked by
incubation with normal rabbit serum diluted 1:10
in TBS for 1 h. The serum was tapped off and the
cells were incubated overnight at 4° C with primary
antibody diluted optimally in TBS. Cases were
stained with antibodies against HMPG (M28B5,
9.2.27), type II collagen (CIID3 from R. Holmdahl,
Uppsala, Sweden), type VI collagen (5C6 from
Calbiochem, Novabiochem, U.K.) and fibronectin
(IST4, gift from Professor L. Zardi, Genoa, Italy).
The negative control was obtained by omission of
primary antibody. The cells were washed with TBS
three times and incubated with rabbit anti-mouse
FITC-labeled secondary antibody diluted 1:100 in
TBS for 30 min in the dark. The cells were washed
with TBS three times, then mounted using
Citifluor mountant (UKC Chem. lab., U.K.). The
cells were visualized using a Zeiss axiophot
fluorescent microscope. Double staining for actin
was carried out using rhodamine-conjugated
phalloidine incubated with the cells at 1:30
dilution for 30 min before addition of primary
antibody.
Results
expression of ng2/hmpg in human cartilage
NG2/HMPG was identified in both fetal and
adult chondrocytes (Fig. 1 and 2). All 10 cases of
fetal cartilage studied showed similar staining
patterns (Fig. 1). In each case chondrocytes in
articular, epiphyseal and growth plate cartilage
were strongly positive with antibodies against
NG2 (N143) and HMPG (M28B5, 9.2.27).
Chondrocytes in normal (Fig. 2) and osteoarthritic
articular cartilage (Fig. 3) from adult knee joints
also showed strong immunoreactivity with
antibodies against NG2/HMPG. In normal
cartilage the majority of chondrocytes were
positive but in osteoarthritic cartilage a number of
chondrocytes were found to be negative or showed
only weak staining at standard dilutions of the
antibodies used. To identify whether there was any
difference in the amount of NG2/HMPG expressed
by chondrocytes in normal and osteoarthritic
cartilage sections were immunostained by M28B5
over a range of antibody dilutions. The results
(Table I) show that immunoreactivity is
maintained in normal cartilage at lower dilutions
than in osteoarthritic cartilage, suggesting that
expression of NG2/HMPG is lower in osteo-
arthritic cartilage than in normal cartilage.
western blotting and immunoprecipitation
of ng2
It has been shown previously that NG2/HMPG is
expressed by rat neuronal and glial cells and
human melanoma cells as both a chondroitin
sulphate rich proteoglycan of molecular weight
greater than 400 kDa, or a CS unmodified core
protein which migrates at 250 kDa [2]. HMPG
Western blotting and immunoprecipitation was
carried out to establish whether the molecule
expressed by human articular chondrocytes
identified by immunohistology has similar
biochemical properties. Following protein
extraction and gel electrophoresis, chondrocytes
were lysed and the constituent proteins analysed
by SDS-PAGE and Western blotting using two
anti-HMPG monoclonal antibodies, M28B5 and
9.2.27. Results with both antibodies were identical.
Immunoblotting of extracts from untreated
chondrocytes showed a smeared component of
molecular weight greater than 400 kDa and a faint
band at 250 kDa (Fig. 3). This was seen in
chondrocytes from both normal and osteoarthritic
(not shown) cartilage. When chondrocytes were
incubated with chondroitinase ABC before protein
extraction the 250 kDa protein became
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predominant (Fig. 3). Immunoprecipitation of
NG2/HMPG from normal adult chondrocytes with
M28B5 resulted in a single 250 kDa molecule being
precipitated (Fig. 4).
immunolocalization of ng2/hmpg
In chondrocytes from normal adult cartilage in
vitro, NG2/HMPG was distributed in a punctate
pattern [Fig. 5(a)]. Similar localization was seen in
chondrocytes from osteoarthritic adult cartilage
[Fig. 5(b)]. The immunolocalization of NG2/HMPG
was different from that of a number of putative
extracellular ligands, including fibronectin, type II
and type VI collagen (Fig. 7). Similarly double
labeling for NG2/HMPG and actin did not show
clear associations between the two molecules
(Fig. 8).
Discussion
These studies have demonstrated that
NG2/HMPG is expressed by human chondrocytes.
It is present in both normal and osteoarthritic
Fig. 1. Fetal cartilage stained with anti HMPG antibody 9.2.27. Identical results were obtained with anti-HMPG
antibody M28B5 and anti-NG2 antibody 143.8. Negative controls were obtained by omission of primary antibody.
Original magnification · 50. (a) Fetal articular cartilage. (b) Fetal articular cartilage negative control. (c) Fetal
epiphyseal cartilage. (d) Fetal epiphyseal cartilage negative control. (e) Fetal growth plate. (f) Fetal growth plate
negative control.
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Fig. 2. Adult cartilage immunostained with anti-HMPG
antibody M28B5. Identical results were obtained with
anti-HMPG antibody 9.2.27 and anti NG2 antibody 143.8.
Original magnification · 50. (a) Adult normal articular
cartilage. (b) Adult osteoarthritic articular cartilage.
oligodendrocytes [11]. In extraneural tissues of
rats, expression is also confined to developing
tissues, in particular those of mesenchymal origin
including chondroblasts and smooth muscle
progenitor cells [1]. NG2/HMPG expression has
been studied in fetal and adult human tissue and
is found only in malignant cells such as
chondrosarcomas [12] and melanomas [13], but not
in several other carcinoma cell types including
lung and bladder, nor in normal cell types
including melanoncytes, T and B cell lines or in
normal tissue including lung and colon [14, 15]. It
therefore appears to have a limited distribution,
suggesting a specialized function in cells.
The function of NG2/HMPG in chondrocytes is
as yet unclear. Structure analysis and
experimental studies using cell types other than
chondrocytes suggest roles in cell–matrix
interactions and signal transduction [1, 4, 5]. NG2
has recently been sequenced and found to show
little homology to any other protein [1]. The
extracellular domain of NG2 contains four internal
repeats which consist of a short sequence that
resembles the putative calcium binding region of
the cadherins [16], raising the possibility of a role
for NG2 in calcium-dependent cell interactions.
The internal domain of NG2 contains three
threonine residues [1] which, together with
surrounding amino acids, form a motif for
potential protein kinase C phosphorylation [17]
indicating that NG2 may be modified on these
amino acids and so play a role in intracellular
signaling [1].adult articular cartilage and in articular,
epiphyseal and growth plate fetal cartilage.
Biochemical analysis of NG2/HMPG in adult
articular chondrocytes show that it is expressed as
the CS-rich proteoglycan and the 250 kDa protein
core. These studies also provide evidence that
NG2/HMPG is located in a distinct punctate
pattern by chondrocytes derived from normal and
OA cartilage in vitro and does not co-localize with
putative intracellular or extracellular ligands
such as actin, fibronectin, type II and type VI
collagen.
Proteoglycans form a class of molecules which
are important in numerous cellular events
including cell–matrix interaction, signal
transduction, proliferation and migration. Initial
reports on NG2 showed expression to be
predominantly restricted to developing tissues.
Expression was first described in rat cell lines with
characteristics of both neural and glial cells [10].
NG2 is also expressed in O2A glial progenitor cells
of the rat cerebellum, however it ceases to be
expressed following differentiation to mature
Fig. 3. Western blot showing pattern obtained with
M28B5, without ( - ) and with ( + ) chondroitinase ABC
digestion in adult normal articular chondrocytes was
identical to that seen with antibody 9.2.27 (not shown).
Identical results were also seen using lysates of
chondrocytes extracted from OA cartilage.
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Table I
Expression of NG2/HMPG by chondrocytes in normal and osteoarthritic human cartilage
Cartilage Anti-HMPG/NG2 (Dilution)
(no of
samples) 1:5 1:20 1:40 1:70
+ + + - + + + - + + + - + + + -
Normal (11) 11 0 0 0 11 0 0 10 1 0 3 8
OA
Mild (4) 4 0 0 0 4 0 0 3 1 0 0 4
Moderate 3 3 0 0 5 1 0 0 6 0 0 6
Severe (3) 2 1 0 0 3 0 0 1 2 0 0 3
 Majority of cells stain positive^ mixture of positive and negative cells^ no positive cells[
With regards to roles as a signaling molecule,
NG2/HMPG appears to have at least two potential
functions as seen in other cell types, i.e., being
involved in the generation of a biochemical signal
via tyrosine phosphorylation and acting as a
cytoskeletal anchor by interacting with actin [5, 6].
When human melanoma cells are allowed to
adhere to a substrate containing both fibronectin
and 9.2.27, cell spreading and focal contact
formation is stimulated and two proteins of
molecular weight 120 and 130 kDa are tyrosine
phosphorylated [5]. NG2/HMPG expression in
flattened rat neural cell lines is found to be in
ordered linear arrays that co-localize with the
cytoskeletal stress fibers of actin, but not micro-
tubules or intermediate filaments [6]. Cytochalasin
D, which disrupts actin polymerization, destroys
both patterns of expression and causes NG2 to be
Fig. 4. Autoradiograph showing the pattern obtained
after immunoprecipitation with protein A-Sepharose-
M28B5 from radiolabeled adult normal articular
chondrocyte lysates. Identical results were seen using
antibody 9.2.27.
Fig. 5. Immunofluorescent localization of NG2 in
chondrocytes extracted from normal (a) and osteo-
arthritic (b) adult articular cartilage after staining
with M28B5. Identical results were seen using antibody
9.2.27.
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Fig. 6. Immunofluorescent localization of ECM proteins associated with chondrocytes extracted from normal adult
articular cartilage. (a) Negative control obtained by omission of primary antibody. (b) Distribution of type II collagen.
(c) Distribution of fibronectin. (d) Distribution of type VI collagen.
released from the cell. In cells which have rounded
up in preparation for migration or a change in
adhesive environment the two no longer
co-localize, suggesting that the co-localization is
specific and functions in the regulation of cell
adhesion and spreading [6]. Human adult articular
chondrocytes in primary culture do not form stress
fibers but actin is distributed in spindle like arrays
which radiate out from the center of the cells to the
edges [18]. Actin is not clearly co-localized with
NG2/HMPG which is expressed in a punctate
pattern, suggesting that there is no direct
interaction and that in human chondrocytes, at
least in vitro, NG2/HMPG does not appear to be
involved in the anchoring of the cytoskeleton, and
subsequent regulation of cell adhesion as in some
rat cell lines.
Potential roles for NG2/HMPG in binding to
fibronectin and type VI collagen have also been
proposed [4, 5]. These are particularly relevant to
chondrocytes as both these molecules are
expressed in the pericellular matrix of cartilage
[19, 20]. Human melanoma cells adhere to
fibronectin, laminin, type VI collagen or
anti-NG2/HMPG antibody 9.2.27 without cell
spreading or focal contact formation. However
when cells are allowed to adhere to a composite of
both fibronectin, (but not laminin or type VI
collagen), and 9.2.27, cell spreading and focal
contact formation is observed [5], suggesting that
NG2/HMPG acts as a co-receptor for fibronectin
and is involved in the control of melanoma cell
spreading and focal contact formation. In
chondrocytes fibronectin and NG2/HMPG were
not co-localized suggesting that they do not
directly interact, however this does not rule out
a functional partnership as has been demon-
strated in human melanoma cells by binding
studies.
Studies with rat neural cultures have also
suggested roles in binding to type VI collagen.
Immunoprecipitation of NG2/HMPG from human
melanoma and rat neural cell lines with
anti-NG2/HMPG antibodies produces the CS-rich
proteoglycan of molecular weight greater than
400 kDa and the 250 kDa protein core [9, 13]. In
some NG2 positive rat neural cell lines such as
B49, a 140 kDa component is co-precipitated along
with NG2 [9] which was subsequently identified as
type VI collagen suggesting interaction between
this ECM protein and NG2. Subsequent studies
have shown that type VI collagen and NG2
co-localize on the surface of these cells [9]. In cell
lines that secrete but do not retain type VI
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collagen, transfection with NG2 cDNA and
subsequent expression of NG2 now enables these
cells to retain type VI collagen on the cell surface
[21]. Adhesion assays have further characterized
this interaction and shown that the two interact in
a manner similar to that of decorin [4].
In our studies we have been unable to
demonstrate co-precipitation of type VI collagen or
any other protein with NG2/HMPG from
chondrocyte lysates. Similarly we have been
unable to demonstrate any degree of co-localized
expression with NG2/HMPG as has been
demonstrated in some rat cell lines [9]. However in
other rat cell lines no co-precipitation was shown
[9] indicating that NG2’s role may be cell as well
as tissue specific.
Cartilage ECM is rich in proteoglycans, they
constitute approximately 50% of the total tissue
weight, of which the majority are chondroitin
sulphated. The results of this study show that a
novel, cell membrane-associated, chondroitin
sulphate proteoglycan NG2/HMPG is expressed by
chondrocytes in human adult articular cartilage
and that expression may be decreased in
osteoarthritis. Currently the role of NG2/HMPG in
chondrocytes remains unclear. Work with
neuronal and melanoma cells suggest that
NG2/HMPG function may be cell type specific
[4, 5]. The punctate distribution of this molecule on
chondrocytes in vitro differs from the localization
of matrix molecules such as fibronectin and type VI
collagen known to interact with NG2 when
expressed by these other cells. Indeed previous
work suggests that human articular chondrocytes
use integrins predominantly in their adhesive
interactions with these molecules [22]. This raises
the possiblity that chondrocyte NG2 recognizes a
novel ligand present in the pericellular matrix of
cartilage. It will be important to establish NG2
ligand(s) in the pericellular matrix of cartilage and
to identify possible functions of this molecule in
cell signaling and regulation of chondrocyte
activity both in normal cartilage and in diseases
such as osteoarthritis where expression appears to
be modified.
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